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Abstract 
We used anisotropic magnetoresistors (AMR’s) to build an advanced mine detector. The sensing head involves 
gradiometric pair of AMR sensors and a continuous-wave driven excitation coil, so the gradiometer is capable of 
detection ferromagnetic materials as well as diamagnetic metals. The sensors are specially arranged to suppress the 
large AC-excitation field, so the mine detector senses both DC and AC field gradient response of the object of 
interest. Being limited by the sensor noise of 214 pTrms/¥Hz at 1 kHz, we were able to detect an 50x50x1.5 mm3
aluminum test object in a 20 cm-depth using a 300 ȝT, 1kHz excitation field. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The mine detectors used for clearing landmines and other explosive remnants are nearly exclusively 
based on eddy currents and use induction coils for sensing. They very reliably detect conducting objects, 
but they fail to discriminate dangerous objects from the scrap metal. Work of deminers is often very slow, 
as they have to carefully excavate each concealed metal object [1]. 
However, spatial resolution of induction coils is low – every suspicious target has to be “pinpointed” 
in a time-consuming manner. Gradiometers with magnetic sensors are used to find deeply burried objects
[2], however they can detect only ferrous targets. We present a novel gradiometer based on AMR sensors, 
which offer much better spatial resolution than induction coils. The gradiometer is able to work with a 
continuous-wave excitation field of 1 kHz frequency, so it can sense the response of non-magnetic metals 
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in addition to DC response of ferrous objects. Similar mine-detector with SDT sensors was presented in 
[3], however it worked with pulsed field and the DC noise of SDT sensors disqualifies them for combined 
DC and AC response sensing.   
2. Gradiometer principle 
We used AMRs of the KMZ51 type (NXP, ex. Philips) and arranged them in a distance of 40 mm, 
forming a vertical dBx/dx gradiometer (Fig 1a). The two gradiometric sensors in SO-8 package are 
soldered on the PCB together with signal preamplifiers (total gain of 1000x).  
As a proper mine-detector needs to sense diamagnetic metals too, we added a continuous-wave driven 
excitation coil and solved the most difficult part of suppressing the large excitation field. The coil is 
symmetric to the gradiometric sensors and it is fed with a 1 kHz harmonic signal resulting in an AC 
magnetic field of about 300 ȝT amplitude (Fig 1b). The first (measuring) AMR sensor is located on the 
sensitive side of the detector head and experiences the same excitation magnetic field as does the second 
(compensation) sensor. Without any deformation of the excitation or Earth’s field the gradiometer 
response is near zero, limited by the gain of the PI regulator in feedback loop. 
Fig. 1. (a) The actual gradiometer with AMR sensors; b) 
Gradiometers combined with the excitation coil form a detector 
head, compensating and measuring sensor of the gradiometer 
are symmetrically placed on both sides of the excitation coil 
Fig. 2. Functional diagram of the gradiometer in the detector’s 
search head. Gradiometric function is obtained by connecting 
compensation coils of measuring and compensated sensor in 
series 
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3. Gradiometer circuitry 
In order to assure the magnetic state of the AMR sensors to improve stability of its parameters, the 
AMR sensors are periodically remagnetized – “flipped” at 30 kHz: the sensor field response becomes 
modulated (Fig 3b). High flipping pulses (1.5 A peak) are used in order to lower the sensor noise [4], 
while keeping maximum power dissipation by low duty-cycle.  
Synchronous demodulators with the reference signal of 30 kHz provide reconstruction of the flipped 
output of AMR sensors. After the 30 kHz demodulation stage there is a sampling circuit formed by 
switched integrator (Fig 3c), which suppresses the noisy time intervals until the sensor output recovers 
after a flipping pulse [4]. The sensor connected to the feedback regulator is maintained at zero field 
reading by the compensation coil current from DC up to 1 kHz. The compensating current flows through 
the serially-connected compensating coils of both sensors, so the output of the second (measuring) sensor 
is proportional to the magnetic field gradient. Suppressing the excitation field and also the Earth’s DC 
field by the compensator allows using higher excitation fields, therefore provides a reserve in DC gradient 
measurements and possibly improvement in S/N ratio. There are four relevant outputs of the gradiometer 
processed according to Fig 3a: the DC field, DC field gradient, and the AC field gradient decomposed into 
the real and imaginary parts. The DC field magnitude (homogeneous part as compensated by both 
sensors) is sensed on a shunt resistor in the feedback loop and it is of future use for i.e. checking the 
“magnetically difficult” areas. 
  (a) 
  (b)                    (c) 
Fig. 3. (a) Sensitive bands of the gradiometer defined by synchronous demodulators; (b) Gradiometer output before demodulation, 
effect of flipping; (c) Sensor output (top trace) and the reference (middle) of the switched integrator suppressing the most noisy 
intervals after flipping pulses (bottom trace) 
4. System noise and detection performance 
The noise levels achieved after the demodulation of the KMZ51 sensor output are 2.6 nT/√Hz @ 1 Hz 
and 214 pT/√Hz @ 1 kHz. From the noise performance comparison of a few AMR sensor types in [6], 
which is consistent with our results, we can see that there is a chance for KMZ51 sensor being replaced in 
future by another type with lower noise levels. As the sensitivity of AMR’s is generally low, the 
electronics should be very low-noise in the preamplifier stage, otherwise it could limit the overall system 
performance [7]. In our case, the electronics noise at 1kHz was 150 pT/√Hz .
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We tested the response of the gradiometer to aluminum and ferrous objects: the results are shown 
Figure 4. In case of the aluminum object only phase response is usable as it is uniquely invertible. This 
object of 5x5 size could be recognized from the noise level at the gradiometer output up to the distance of 
20 cm.  
The ferrous object was represented by a nail 3 cm long and 3 mm thick. Phase response is changing 
with opposite sign to the aluminum response and the DC gradient signal allows to detect this object up to 
10 cm distance. The best approximation curve for both phase (AC) and DC gradient responses has turned 
out to be x-3 (Fig 5). 
(a) (b) 
Fig. 5. (a) Static response of the gradiometer to a ferrous nail 3 cm long, 3 mm thick,  (b) aluminium plate 5 x 5 cm, 1 mm thick  
(a) (b) 
Fig. 4. (a) AMR sensor KMZ51 noise at 1 Hz after demodulation – 2.6 nT/¥Hz; (b) at 1 kHz – 214 pT/¥Hz 
Noise level decrease above 1 kHz is caused by a low pass filter. 
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5. Conclusions 
The presented gradiometric mine-detector uses AMR sensors of KMZ51 type for metal detection 
together with 1 kHz continuous-wave excitation. As the gradient response of ferromagnetic and 
diamagnetic objects falls with distance approximately with 1/r3 rule, the most limiting factor of the 
maximum detection depth is the sensor noise – in our case we can detected a 50x50 mm aluminum plate 
up to 20-cm depth only being limited by the 214 pT/¥Hz sensor noise at 1kHz. Further improvement of 
the detection depth is possible when using AMR sensors with lower noise. Prospectively, the high spatial 
resolution of AMR sensors should allow to recognize the objects by using signals from a sensor array. 
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